Background: Autophagy is a conserved process of lysosome-mediated intracellular degradation. 
INTRODUCTION
Autophagy is an evolutionarily conserved process involving lysosome-mediated intracellular degradation (1) In the present study, we showed that the protein levels of autophagosome marker LC3B-II and mitophagy regulator Park2 were significantly increased in response to light exposure at a dose able to cause retinal degeneration in Abca4 -/-Rdh8 -/-mice. 
EXPERIMENTAL PROCEDURES
Mice -Abca4 -/-Rdh8 -/-mice were generated as previously described (9) 
RESULTS

Autophagic events in the retina of wild-type mice
To examine the autophagy machinery in the retina, expression of genes essential for autophagy was examined in 6-week-old wild-type (WT) mice.
The mRNA expression of autophagy-related genes including Atg5, Atg7 and Beclin1 was detected in the retina of WT mice by RT-PCR (Fig. 1A) . Autophagy in the retina was further examined biochemically by analyzing the expression of microtubule-associated protein light chain (LC3B). Nascent LC3B (proLC3B) is undetectable under normal conditions because it is processed by ATG4 into LCB3-I right after synthesis (16) . LC3B-I is localized in the cytosol and when it is conjugated with phosphatidylethanolamine and converted to LC3-II, the latter is present on isolated membranes and autophagosomes and much less on autolysosomes (16) . Therefore, the amount of LC3B-II is closely correlated with the number of autophagosomes and is widely used as a molecular marker to monitor autophagic activity (16) . Immunohistochemical examination showed that LC3B was ubiquitously expressed in the retina of WT mice predominantly in RPE, photoreceptor inner segments (IS), outer plexiform layer (OPL), inner nuclear layer (INL), inner plexiform layer (IPL) and ganglion cells (GC) (Fig. 1Ba) . Western blotting revealed that LC3B was abundantly expressed in the retina of WT mice in the form of both LC3B-I and LC3B-II (Fig. 1Bb) (Fig. 1Ca) ; an autophagic vacuole enclosing dilated endoplasmic reticulum (ER) and a small portion of plasma membrane (Fig. 1Cb) ; an autophagosome enwrapping membranous material and a melanosome (Fig. 1Cc) . Similar to the observation made in other species, autophagic events were also frequently encountered in photoreceptor inner segments in the retina of WT mice ( Fig. 1Cd- given that atRAL is an important mediator of retinal cell death during retinal photo-oxidative stress (9, 14, 17) .
Increased LC3B-II production is observed in lightinduced retinal damage
To investigate the changes of autophagy in light-induced retinopathy, protein expressions of molecules related to autophagy were examined in the
-/-mouse model, which exhibits increased susceptibility to light-induced retinopathy (17) . Abca4
Rdh8
-/-mice at 6 weeks of age were exposed to light at 10,000 lux for 30 min, a condition that triggers significant retinal damage as previously Destructive retinal changes were hardly detected 24 h after light exposure, when SD-OCT displayed abnormal reflection, by conventional retinal histological analysis, and decreased ONL thickness was detected 7 days after light exposure (Fig, 3C) .
Levels of LC3B-II and protein expression of
Atg7 were examined in the retinas of Abca4
mice. Retinas of 6-week-old Abca4
were collected either 3 h or 24 h after light exposure at 10,000 lux for 30 min which caused abnormal OCT changes and increased level of Atf4 (Fig. 3) .
Although the level of LC3B-II was maintained 3 h after light exposure, an increase in LC3B-II conversion was observed 24 h after light (Fig. 4A) . In opposition to this finding, Atg7 protein expression was unchanged before and after light exposure ( (Fig. 5Ca) , but Beclin1 +/-RPE nucleus displayed heterochromatin and vacuolation (Fig.   5Cb) . Moreover, in distinct contrast to the normal RPE ultra-structure displayed in the retina of
Beclin1
+/+ mice 10 days after light exposure ( Fig.   5Cc ), RPE hyperplasia marked by multiple nuclei and RPE apoptosis indicated by condensation of the chromatin in large masses at the periphery of the nucleus was noted in Beclin1 +/-mice (Fig. 5Cd, 5Ce) .
Additionally, Beclin1
+/-RPE cells were also contained numerous cytoplasmic vacuoles, which occurred as a result of increased endoplasmic reticulum luminal space (Fig. 5Cf) , indicating ER stress. Severely swollen mitochondria with disrupted cristae were also readily detected in Beclin1 +/-RPE cells (Fig. 5Ce, 5Cf) . ;LMOP-Cre-mice showed light-induced retinal damage (Fig. 7A) . The severity of light-induced retinal degeneration observed in Atg7 flox/flox ;LMOP-Cre+ mice is also shown (Fig. 7B) . ;LMOP-Cre-mice (Fig. 7C) . The (Fig. 8A) , which is consistent with the expression pattern reported by an independent study (28 
Retinas of
Park2
-/-mice exposed to light (Fig. 8C, 8D ). (Fig. 9a) .
Histological examination validated the photoreceptor damage induced by intermittent light exposure in
Another ultra-structural feature distinct from other light sensitive models was the presence of juxtanuclear mitochondria in photoreceptor cells 7 days after light exposure (Fig. 9e, 9f ). These observations indicate that defective mitophagy is involved in the pathogenesis of light-induced retinopathy. (Fig. 6A) , and increased susceptibility to light-induced retinal degeneration (Figs. 7A, 7B) . In retinal tissue cultured with atRAL, the loss of Atg7 in rod photoreceptors led to a higher rate of cell death (Figs. 7C, 7D ). In addition that
DISCUSSIONS
Atg7 is one of the essential regulators of autophagy, Atg7 can also regulate proapoptotic p53. In the absence of Atg7, prolonged metabolic stress leads to augmented p53 proapoptotic activity (34) . atRAL- Expression of Atg7 was examined by SDS-PAGE followed by western blotting with triplicate samples. Retinas of 6-week-old Abca4 -/-Rdh8 -/-mice after exposure to white light at the intensity of 10,000 lux for 30 min. 
